Transport of [3H]melibiose, prepared from [3H]raffinose, was investigated in Escherichia coli. Na+ stimulated the transport of melibiose via the melibiose system, whereas Li' inhibited it. Kinetic parameters of melibiose transport were determined. The Kt values were 0.57 mM in the absence of Na+ or Li', 0.27 mM in the presence of 10 mM NaCl, and 0.29 mM in the presence of 10 mM LiCl. The
Vm. values were 40 and 46 nmol/min per mg of protein in the absence and in the presence of NaCl and 18 nmol/min per mg of protein in the presence of LiCl. Melibiose transport via the melibiose system was temperature sensitive in a wildtype strain of Escherichia coli and was not inhibited by lactose. On the other hand, melibiose uptake via the lactose system was not temperature sensitive, was inhibited by lactose, and was not affected by Na+ and Li+. Methyl-fl-D-thiogalactoside, a substrate for both systems, inhibited the transport of melibiose via both systems.
Active transport of sugars, amino acids, and other nutrients is frequently associated with the cotransport of cations. In bacterial cells transport processes frequently use H+ as a coupling ion (11, 23) , whereas Na+ is utilized in animal cells (3) . In Escherichia coli, H+-lactose, H+-alanine and H+-lactate cotransport have been directly demonstrated (2, 23) . The melibiose transport system of E. coli and Salmonella typhimurium is a unique system with respect to the coupling ion for substrate transport. Stock and Roseman (15) reported that the melibiose transport system in S. typhimurium is a Na+-dependent cotransport system. They observed a stimulation of "4C-labeled methyl-fl-D-thiogalactoside (tMG) transport by Na+ and Li+. They also observed uptake of 'Na in the presence of TMG, but not in its absence. Thus, the presence of Na+-substrate cotransport in bacterial systems was suggested.
Previously we have shown (21) that an artificially imposed electrochemical Na+ gradient drives uptake of TMG mediated by the melibiose transport system in energy-starved cells of E. coli and that a TMG gradient elicits uptake of Na+ (22) . Tokuda and Kaback (17) reported the concomitant uptake of both TMG and 'Na in membrane vesicles of S. typhimurium. Thus, there are several lines of evidence which support the notion of Na+-TMG cotransport via the melibiose system. Similarly, a glutamate transport system in E. coli B has also been reported to be a Na+ symport system (9, 19) , as are all amino acid transport systems in Halobacterium halobium (8) . Many other transport systems in bacteria have been reported to be Na+-dependent systems, although it is not clear whether or not such systems are Na+-substrate cotransport systems (11) .
TMG is a synthetic substrate for the melibiose transport system, and radioactive TMG is commercially available. Thus, TMG has been used exclusively for the study of the melibiose transport and has been frequently used for the study of the lactose system. Although melibiose is a natural substrate for these systems, radioactive melibiose is not commercially available. Thus, it was difficult to measure active transport of melibiose. Saier and co-workers (12, 13) 
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TANAKA, NIIYA, AND TSUCHIYA ml/h, and 1.6-ml fractions were collected. The positions of raffinose, melibiose, and fructose were determined by prior chromatography of authentic sugars on the same column. Column chromatography was performed at room temperature. For paper chromatography, sample solutions were spotted onto filter paper (Toyo no. 51). Standards of melibiose, raffinose, fructose, sucrose, galactose, and glucose were also spotted separately. The paper was developed in nbutanol-acetic acid-water (26:6:25) for 23 h. Standard sugars were visualized by spraying with diphenylamine-aniline reagent (1) . For the measurement of radioactivity, the paper was cut into 0.5-by 1.0-cm pieces, and the amount of radioactivity in each piece was determined.
Bacteria and growth. E. coli K-12 strain W3133 (6) is a lactose operon-deleted strain with a temperature-sensitive melibiose transport system. Strain RAll (6) is an a-galactosidase-negative, melibiose transportpositive strain and possesses a temperature-stable melibiose transport system; it was derived from W3133. E. coli ML308-225 lacks the melibiose operon. This strain possesses a constitutive lactose transport system but does not possess fi-galactosidase (24) . Cells were grown at 37°C, unless otherwise indicated, on minimal medium (16) supplemented with 1% tryptone (Difco). Sodium salts were replaced with potassium salts in the medium. Melibiose (1 or 10 mM, respectively) was added to the culture medium of strains RAl and W3133. Cells were harvested in the late exponential phase of growth and washed with minimal medium.
Transport assay. Transport assays were performed by filtration (6) Peak I was identified as raffnose, and peak III was identified as fructose (not shown). Contamination of other sugars was not detected in these fractions. Neither sucrose nor galactose was detected in peaks II and III, indicating that there was no a-galactosidase activity in the invertase preparation used in this study. The peak II fraction was concentrated, diluted with cold melibiose, and used for the experiments described below.
Transport of melibiose via the melibiose system. Strain RA1l lacks both a-galactosidase activity and a lactose transport system, making it suitable for the study of melibiose transport via the melibiose system. Cells of RAll were grown in minimal medium containing 1% tryptone and 1 mM melibiose and tested for uptake of [3H]melibiose (Fig. 2) . Induced cells of RAll took up melibiose, and this uptake was inhibited by TMG but not by lactose. TMG transport via the melibiose system was shown to be strongly inhibited by the proton conductor carbonyl cyanide m-chlorophenylhydrazone and a sulfhydryl inhibitor, N-ethylmaleimide (6) .
These two compounds also strongly inhibited melibiose transport in RAl (Table 1) . Iodoa-ibiose in RA11 (Fig. 3) . This observation is consistent with the previous result that an artificially imposed melibiose gradient elicited influx 25 of Na+, which suggested Na+-melibiose cotransport (22 (Fig. 4) .
The effect of Na+ and Li' op the kinetic parameters of melibiose transport was investigated ( Fig. 5) cetic acid at 1 mM had little effect, as reported for TMG transport (6) . Na+ stimulated the transport of TMG via the melibiose system in both E. coli and S. typhimurium (15, 21) . On the other hand, Na+ inhibited the transport ofp-nitrophenyl-a-D-galactopyranoside via the same system in E. coli (20) and S. typhimurium (18) . Thus, it was of interest to test the effect of Na+ (and Li+) on melibiose transport. Na+ stimulated the transport of mel- assay system lowered the Kt of melibiose transport from 0.57 ± 0.04 to 0.27 ± 0.03 mM (average of four determinations). Addition of 10 mM LiCl gave almost the same Kt value (0.29 ± 0.04 mM) as addition of 10 mM NaCl. The V. values were 40 ± 5, 46 ± 6, and 18 ± 3 nmol/min per mg of protein in the absence or in the presence of 10 mM NaCl or 10 mM LiCl.
One of the striking characteristics of the melibiose transport system of E. coli K-12 strains such as W3133 is its temperature sensitivity (6, 10), although strain RAll possesses a temperature-resistant melibiose carrier (6) . W3133 grown at 300C exhibited transport of both melibiose and glutamate (Fig. 6 ). When cells were grown at 370C, however, melibiose transport activity was markedly reduced, but glutamate transport was normal. Thus, the decrease of melibiose transport activity in cells grown at 370C was not due to general damage of the cell membrane, but rather to a temperature-labile character of the melibiose carrier (6, 10, 20) . Uninduced cells did not show any significant uptake of melibiose (not shown).
Transport of melibiose via the lactose system. Melibiose is also a substrate of the lactose transport system (5). Figure 7 shows the 
